ultra-high-density magnetic recording media with densities reaching 1 Tbit/inch2 or more. Perpendicular magnetic anisotropy is required for ultra-high-density magnetic recording, which is not easy to attain using granular films or self-assembled magnetic nanoparticle films 1) . Electro-plating of ferromagnetic materials in the self-organized nanohole arrays formed by anodic oxidation of aluminum (this structure is called "porous alumina", or "AAO (aluminum anodic oxide)" for short) have been carried out since 1970s aiming for perpendicular magnetic recording media 2-6) . Porous alumina is known to have densely-packed ordered nanohole arrays with nanohole intervals ranging from a few tens of nm to several hundred nm depending on the anodic voltage and acid species used for anodic oxidation of aluminum 7-13) , There were mainly two drawbacks that . The object of this study is to break through this point.
In the first part of this paper, we investigated to increase the density of nanoholes formed by anodic oxidation of aluminum, by changing a DC voltage used during anodic oxidation. The second part is the evaluation of structural and magnetic characteristics of the Cobalt (Co) column arrays buried by electro-plating in porous alumina film formed on Si substrate. We finally succeeded in the formation of ferromagnetic nano-column arrays with densities beyond 1 Tera/inch2
Experimentals
At first, density of nanoholes in porous alumina template was evaluated at various anodic voltage conditions. Aluminum (Al) film sputtered on a Si substrate was used for the anodic oxidation. A two-step anodic oxidation of Al 7-10) was carried out using anode voltages between 5 and 48 V with 0.3M sulfuric acid. at 3 These results also suggest that the c-axis (i.e. easy axis of magnetization)
of hcp-Co tends to align in-plane direction against the substrate. Figure 4 shows magnetic hysteresis loops of these samples. For both cases, the coercive field He in the perpendicular magnetic field was much larger than that in the in-plane magnetic field. Under the perpendicular magnetic field. Hc, tended to increase with decreasing column diameter. The values for He were 1.7 kOe and 2.6 kOe for anodic voltages of 20 V and of 7 V. respectively. The hysteresis loop of 7 V has rather broadened shoulder than that of 20V in perpendicular magnetic field. This may be due to a large fluctuation in Co column diameters in the case of 7 V.
We also investigated the Co column diameter dependence of Al-H loops using micro-magnetic simulation based on the Landau-Lifshitz-Gilbert equation. We assumed single crystals of Co column with a fixed aspect ratio of 3.3. with the diameter changing from 12 to 30 nm. The easy axis of hexagonal Co was assumed to be parallel to the substrate plane in accordance with the experimental samples. 
